It is important for space weather to forecast the maximum sunspot number of the coming cycle. Sunspot number is an indicator of solar activity and occurrence of space storms increases in proportion to solar activity. We found that there is a negative correlation between occurrence number of no-spot days near solar minimum and maximum sunspot number of the next cycle. Using this relation, we made a forecast of the maximum sunspot number of Cycle 24. The maximum sunspot number of Cycle 24 is lower than that of Cycle 23 of 120.8 according to our forecast. Low solar activity of Cycle 24 is also suggested by low geomagnetic activity near minimum and long cycle length of Cycle 23.
Introduction
Space environment which affects man-made technical systems is called "space weather 1) ." For example failures of spacecraft have been reported in association with severe space weather condition. It is important for the space weather to forecast maximum sunspot number (SSN) of the coming cycle. SSN is an indicator of solar activity. Occurrence of severe space weather conditions, space storms, increases in proportion to solar activity. Figure 1 shows yearly average SSN and yearly occurrence of M-and X-class flares (upper panel), of proton events (middle panel), and of geomagnetic disturbances with aa-index equal to or more than 100 nT (lower panel). M-class flare is a solar flare of peak x-ray intensity in the 0.1-0.8 nm band as measured by the Geostationary Operational Environmental Satellites (GOES) equal to or more than 10 -5 Wm -2 and less than 10
Wm -2 . X-class flare is a solar flare of peak x-ray intensity more than 10 -4 Wm -2 . Proton event is defined as solar energetic particle event measured by the GOES spacecraft with proton flux equal to or more than 10 protons cm -2 day -1 sr -1 at greater than 10 MeV. Intense space storms have a potential to affect satellite operations, radiation dose of astronauts and airline crews, HF radio communications, navigation using the Global Navigation Satellite System (GNSS), operations of power grids, and so on 1) . High solar activity increases atmospheric drag. The increase of atmospheric drag causes orbital decay of operating satellites in low-earth orbits. The satellites require re-boosting to stay in a usable orbit. The distribution of orbital debris changes in correspondence to variation of atmospheric drag.
There are many methods 2) . The dynamo model is a physical model to describe solar cycle variation. Forecasts using the spectral method are based on the time series analysis such as the Fourier analysis. Forecasts using the neural network are based on nonlinear, statistical, data-modeling algorithms.
It is noted that there are many no-spot days near the minimum of Cycle 23 comparing to recent several cycles. We made a statistical analysis of the occurrence number of no-spot days and found that there is a negative correlation between the occurrence number of no-spot days and the maximum SSN of the next cycle. We made a forecast of the maximum SSN of Cycle 24 using this relation. We also made forecasts of the maximum SSN of Cycle 24 using the geomagnetic activity near minimum and the solar cycle length.
Data
We made a statistical analysis using the lists of daily and monthly smoothed SSNs from the SIDC-team, World Data Center for the Sunspot Index, Royal Observatory of Belgium, and the lists of geomagnetic aa-index from the National Oceanic and Atmospheric Administration/National Geophysical Data Center (NOAA/NGDC).
The lists of solar flares and proton events are also from the NOAA/NGDC. The daily SSNs since 1849 were used for the analysis of no-spot days because of their continuous recordings. 
Forecasts of Cycle 24 using Statistical Analysis of Past Cycles

No-sunspot days
The minimum between cycles 23 and 24 is called 'deep minimum' because of its low solar activity 6, 7) . The length of the minimum is longer than recent several cycles 8, 9) . The minima sometimes continue for several years like this minimum. The activity near minimum is an indicator of the amplitude of the next cycle. The maximum amplitude of a cycle is proportional to the sunspot number at the preceding minimum 10) . Figure 2 plots the occurrence number of no-sunspot days and the maximum SSN of the next cycle (upper panel) and the rise time of the next cycle (lower panel). The number of no-sunspot days for one year before the minimum is considered as the occurrence number of no-sunspot days. We found that there is a negative correlation between the occurrence number of no-sunspot days near solar minimum and the maximum SSN of the next cycle. There is a positive correlation between the occurrence number of no-sunspot days near solar minimum and the rise rime of the next cycle. We made the fittings for the data in Figure 2 and obtained the equations below. 
Geomagnetic activities
Geomagnetic activity near solar minimum is a good indicator of the amplitude of the next cycle. Ohl 11) found that the geomagnetic aa-index at the solar minimum is directly related to the maximum SSN of the next cycle. Fynman 12) divided aa-index into two components: "R component" related to sporadic or short-lived solar events and "I component" related to coronal holes. R-component is directly proportional to the SSN. The size of the maxima of I-component is well correlated with the maximum SSNs of the next solar cycle. We performed the analysis of aa-index after 1868. In our analysis, we used one-year averages of aa-index before solar minima. Figure 3 plots the one-year average of aa-index before solar minimum and maximum SSN of next cycle (upper panel) and the rise time of the next cycle (lower panel). There is a positive correlation between the average of aa-index near minimum and maximum SSN of the next cycle. There is a negative correlation between the average of aa-index near minimum and the rise time of the next cycle. We obtained Eqs. 
Cycle length
It is known that average length of the solar cycle is approximately 11 years. However, the length of each cycle varies between 9 and 13. The recent analysis of carbon-14 variation 13) shows that cycle length was longer during the Maunder minimum. This suggests a relation between the solar cycle length and the amplitude of the cycle. According to a statistical analysis, there is a negative correlation between the cycle length and the maximum SSN of the next cycle. There is a positive correlation between the cycle length and the rise time of the next cycle. According to Watari 14) , the relations are given by the following equations. We made forecasts of Cycle 24 using Eqs.
(1)- (6) . It is assumed that the minimum of Cycle 23 is in December 2008, as suggested by the panel. Table 3 shows the forecasts using Eqs.
(1)-(6) and the forecast made by the panel. The forecasts using Eqs. (1)- (6) suggest that the maximum SSN of Cycle 24 is lower than that of Cycle 23 of 120. 8. Lower solar activity of the minimum of Cycle 23 suggests the lower amplitude of Cycle 24. However, there is an exception. Cycle 19 became the most active cycle in 23 cycles although the occurrence number of no-sunspot days of 241 days was recorded in 1954.
Summary
There are still considerable difficulties in forecasting the amplitude of a new solar cycle before it starts. Solar activities or geomagnetic activities near solar minima are a good indicator of the amplitude of the next cycle. The minimum of Cycle 23 is very low when compared to recent several cycles. Our forecasts that are based on the statistical methods suggest that maximum SSN of Cycle 24 is lower than that of Cycle 23.
